Abstract. Yin-Chen-Hao-Tang (YCHT) is recognized as a hepatoprotective agent for various types of liver diseases. Proteomics approaches were used to study hepatic and serum protein expression changes in bile duct ligated (BDL) rats following YCHT treatment for 27 days. Two-dimensional gel electrophoresis was used to analyze proteome changes. Of the proteins that exhibited changes, 17 were identified by means of matrix-assisted laser desorption/ionization-time-offlight (MALDI-TOF) mass spectrometry. The major effect of YCHT was evident in cytoskeleton related protein, plectin-1. In addition, proteins involved in metabolism of lipids were also shown to be affected, including low-density lipoprotein receptor-related protein 2 precursor (glycoprotein 330) and apolipoprotein A-I precursor (ApoA-I). Significant upregulation of keratin 8 and 19 was found in liver tissue of BDL rats. Supplementation with YCHT also triggered alterations in the above proteins. Interestingly, YCHT treatment caused a statistically significant down-regulation in the secretion of monocyte chemoattractant protein-1 (MCP-1) and tissue inhibitor of metalloproteinase-1 (TIMP-1) in BDL rats with fibrosis. Our results suggested that YCHT may be useful for treatment of liver fibrosis because of its possible antiapoptotic properties, and the therapeutic effects of YCHT on liver diseases might be associated with its lipid biosynthesis regulation.
Introduction
Liver fibrosis results from chronic damage to the liver in conjunction with accumulation of extracellular matrix (ECM) proteins, which is a characteristic of most types of chronic liver diseases (1) . Decreased activity of ECM-removing, matrix metalloproteinases (MMPs) is mainly due to overexpression of their specific inhibitors (2) . Before fibrosis and cirrhosis can be easily observed at the histological level, many changes in the secretion profile of the hepatic fibroblasts are thought to occur. Therefore, proteomic technologies can be used to identify protein markers for the early detection of fibrosis associated events.
Tissue proteome analysis has been successfully applied to investigate the molecular effects of drugs and to obtain information regarding their mode of action and therapeutic mechanism (3, 4) . In addition, proteomic technologies have been applied to study changes in the levels of liver proteins of mice treated with acetaminophen (5) and of rats treated with carbon tetrachloride (6) . Yin-Chen-Hao-Tang (Inchinko-to or TJ-135 in Japan) consists of the following three medicinal herbs: Artemisia capillaries Thunb, Gardenia jasminoides Ellis, and Rheum officinale Baill. This decoction has long been used in Taiwan and China as an anti-inflammatory, antipyretic, and choleretic agent for liver disorders and jaundice. In the literature, a variety of biological effects of YCHT have been described. This decoction has been reported to show a potent effect on hepatic fibrosis (7) (8) (9) (10) and hepatic apoptosis in vitro (11) and in vivo (12, 13) .
The aim of our study was a systemic comparison of all hepatic protein changes during BDL stress and further analyzed the proteome changes of BDL rats after YCHT treated. In this study, we also demonstrated that YCHT may modulate hepatic TIMP-1 and MMP-2 expression through decreased ECM accumulation. Secondly, we examined the Chinese herbal prescription and found possible complex pattern of alterations in BDL rat liver proteins, some of which were related to lipid metabolism, but many represented effects on the filamentous network pathways and endpoints.
Materials and methods
Preparation of YCHT. YCHT was prepared as described in our previous studies (13) . Briefly, YCHT extract powder consists of crude ingredients extracted from the following three medicinal herbs mixed in the following ratio: Artemisia capillaries Thunb, Gardenia jasminoides Ellis, and Rheum officinale Baill, 4:3:1 (by weight). The three main index components of the YCHT decoction were identified by high performance liquid chromatography (HPLC) by comparing the retention times and UV spectra as 0.95% (w/w) geniposide, 0.14% capillarisin and 0.11% emodin. The analytical column was a Cosmosil C18 column (250x4.6 mm internal diameter).
The column temperature was maintained at 40˚C. The HPLC mobile phase was a 65:35 mixture of water and acetonitrile containing phosphoric acid (0.03% v/v), at a flow rate of 1.0 ml/min; 20 ml of solution was injected into the HPLC system for analysis. Peaks correlating with geniposide, capillarisin and emodin represented G. jasminoides Ellis, A. capillaris Thunb, and R. officinale Baill, respectively.
Biliary obstruction and animal treatments. Adult male SpragueDawley rats weighing between 220 and 250 g were used in all experiments. Hepatic damage with fibrosis was produced by common BDL, as we previously described (10) . All rats were caged at 24˚C with a 12:12 h light-dark cycle, and were allowed free access to food and water. Animal studies were approved by the Animal Experiment Committee of the Chang Gung University, and were conducted humanely. After surgery, YCHT was dissolved in distilled water and administered daily (250 mg/kg p.o.) over the experimental period. Sham operated rats received equal volumes of the distilled water.
Histopathology assay and cytokine array assay. The liver tissue was fixed in 10% formalin and then embedded in paraffin, cut into 5 μm thick sections, stained with Masson's trichrome, and examined under light microscopy by an experienced pathologist. Serum was obtained for cytokine array. Cytokine array assay was carried out with a RayBio™ rat cytokine array kit (RayBiotech, Inc., Norcross GA) according to the manufacturer's protocol. Each cytokine array membrane was scanned, and the intensities of signals were quantitated by densitometry (Bio-Rad, Hercules, CA). The supernatants were collected by centrifugation at 3000 rpm for 15 min. Albumin or IgG was removed from the supernatants using the aurum serum protein mini kit (Bio-Rad), and the supernatants were concentrated by centrifugation at 5000 x g using an Ultrafree-MC PLCC centrifugal filter unit 5 kDa membrane (Millipore, Billerica, MA) to 25% of the original volume.
Reverse transcription-polymerase chain reaction (RT-PCR)
amplification of TIMP-1 and MMP-2. Liver (100 mg) was snap-frozen in liquid nitrogen and homogenized in 1 ml of TRIzol solution (BRL, Gaithersburg, MD). Total cellular RNA was extracted according to the manufacturer's instructions. Total RNA (1 μg) from each sample was resuspended in 20 μl of the reaction buffer. Commercially available PCR primers for TIMP-1, MMP-2 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were purchased from Purigo Biotech, Inc. (Taipei, Taiwan, R.O.C.) and contained the following sequences: TIMP-1, sense 5'-CATGGAAAGCCTCTGTGGA TATG-3', antisense 5'-GATGTGCAAATTTCCGTTCCTT-3'; MMP-2, sense 5'-GATACCCTCAAGAACATGCAGAAG TT-3', antisense 5'-ACATCTTGGCTTCCGCATG-3'; and GAPDH, sense 5'-CCCTTCATTGACCTCAACTACATGG-3', antisense 5'-CATGGTGGTGAAGACGCCAG-3'. The amplified PCR products were electrophoresed at 75 V through 2% agarose gel for 1 h. The PCR products were visualized by ethidium bromide staining, and the relative amount of messenger RNA transcripts was scanned by the Imaging Master. Densitometric analysis of the captured image was normalized for GAPDH content.
Two-dimensional polyacrylamide gel electrophoresis (2-DE).
Liver tissue (50 mg) was ground with Medimechine (BD Biosciences, Franklin Lakes, NJ); 10 mg was dissolved in 200 μl of lysis buffer {7 M urea/4 M thiourea/4% (3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulfonate)} (CHAPS) and sonicated for 10 cycles of 1 sec. The sample was kept shaking for 30 min at 25˚C, and centrifuged for 15 min at 13000 x g. Protein (500 μg) and rehydration buffer [containing 7 M urea, 4% CHAPS, 2 M thiourea, 0.5% immobilized pH gradient (IPG) buffer, and 65 mM dithiothreitol (DTT)] was rehydrated onto 18 cm, pH 4.0-7.0 (linear) IPG strips using IPGphor II (GE Healthcare, Uppsala, Sweden) at 30 V for 12 h. After the completion of isoelectric focusing (first dimensional separation), the proteins on the IPG strips were then incubated for 15 min in an equilibration buffer containing 6 M urea, 2% SDS, 30% glycerol, 13 mM DTT, and 50 mM Tris (pH 8.8). The IPG strips were further equilibrated in a similar equilibration buffer, in which DTT was replaced with 2.5% iodoacetamide. The second dimensional separation was performed using a 12.5% acrylamide gel and run at 10 mA/gel for 20 min followed by 100 mA/gel until the dye front reached the bottom of the gel. After electrophoresis, the gel was fixed in fix solution (10% methanol and 7% acetic acid) and stained with SYPRO Ruby™ (Perkin-Elmer, Boston, MA, USA) solution. The gel image was scanned with the Typhoon 9200™ (Amersham Pharmacia, Piscataway, NJ) and analyzed with PDQuest™ (Bio-Rad).
The protein spots detected on the 2D gel were manually excised from the gel. The gel spots were rehydrated with 50 mM dithioerythritol in 25 mM ammonium bicarbonate, pH 8.5, at 37˚C for 1 h, and subsequently alkylated with 100 mM iodoacetamide in 25 mM ammonium bicarbonate, pH 8.5, at room temperature for 1 h. The spots were then washed twice with 50% acetonitrile in 25 mM ammonium bicarbonate, pH 8.5, for 15 min each time, dehydrated with acetonitrile for 5 min, dried, and rehydrated with a total of 100 ng of sequencing grade, modified trypsin (Promega, Madison, WI) in 25 mM ammonium bicarbonate, pH 8.5, at 37˚C for 16 h. Following digestion, tryptic peptides were extracted twice with 50% acetonitrile containing 5% formic acid for 15 min each time with moderate sonication. The extracted solutions were pooled and evaporated to dryness under vacuum.
MALDI MS and MS/MS analysis -samples were premixed 1:1 with matrix solution (5 mg/ml ·-cyano-4-hydroxycinnamic acid in 50% acetonitrile, 0.1% v/v trifluoroacetic acid and 2% w/v ammonium citrate) and spotted onto the 96-well format MALDI sample stage. Data directed acquisition on the Q-TOF Ultima™ MALDI instrument was fully automated with a predefined probe motion pattern and peak intensity threshold for switching over from MS survey scan to MS/MS, and from one MS/MS to another. Within each well, parent ions meeting the predefined criteria (any peak within the m/z 800-3000 range with intensity above 10 count ± include/exclude list) were selected for collision-induceddissociation MS/MS using argon as the collision gas and a mass dependent ±5 V rolling collision energy until end of probe pattern was reached, starting from the most intense peak. The instrument was externally calibrated to less than 5 ppm accuracy over the mass range of m/z 800-3000 using sodium iodide and polyethylene glycol 200, 600, 1000 and 2000 mixtures, and further adjusted with Glu-Fibrinopeptide B as the near-point lock mass calibrant during data processing. At a laser firing rate of 10 Hz, individual spectra from 5 second integration periods acquired for each of the MS survey and MS/MS performed were combined, smoothed, deisotoped (fast option) and centroided using the Micromass Protein Lynx™ Global Server (PGS) 2.0 data processing software (Cary, NC). The combined peptide mass fingerprinting (PMF) and MS/MS ion meta data were searched in concert against the specified protein database within the PGS 2.0 workflow. Alternatively or additionally, the PMF and individual MS/MS ion data were output as Mascot-searchable .txt file and .pkl files for independent searches against Swiss-Prot database using the Mascot program.
Statistics. Results are expressed as means ± SEM. Statistical analysis were performed using one-way analysis of variance (ANOVA) followed by Student-Newman-Keuls' multiple range test. Significance was determined at P<0.05.
Results
YCHT improved liver histopathology and serum markers of BDL rats. Histological examination showed a significant change in the profile of collagen fiber deposition in the liver sections of BDL rats compared with rats that received YCHT treatment (Fig. 1) . Liver sections from the sham rats showed no fibrosis (Fig. 1A) . After BDL surgery, liver of rats produced typical histological changes characterized by architecture disruption and fibrosis formation (Fig. 1B) . The BDL rats that were treated with YCHT (250 mg/kg) (Fig. 1C) , had significantly less histological collagen accumulation. Obviously, the cytokine expression down-regulated in respect to YCHT treated and displayed a distinct pattern in which BDL-induced TIMP-1 ( Fig. 2A) and MCP-1 (Fig. 2B) were significantly upregulation.
YCHT reduced levels of TIMP-1 and MMP-2 transcript in liver of BDL rats. We analyzed expression of TIMP-1 and MMP-2 genes related to extracellular matrix formation. As shown in Fig. 3 , TIMP-1 mRNA expression was induced 4-fold after bile duct ligation. Changes in expression of TIMP-1 were accompanied by a detectable increase in MMP-2 mRNA. BDL rats concomitant with YCHT treatment, caused a marked reduction in the level of expression of the genes transcript. However, these experiments did not reveal which liver cell type is responsible for the induction mRNAs expression.
Proteomics. Using 2-DE, the differential expression of molecules retrieved from liver tissues and serum of experimental animals were analyzed, respectively. Eleven protein spots in liver tissue and six protein spots of the animals were analyzed (Fig. 4) . These 17 protein spots were retrieved from the 2-DE gel and processed using in gel enzymatic digestion and MALDI-TOF, which gave rise to the final identification (Tables I and II) . From the 11 identified proteins in the liver, 5 showed a significant reduction and 6 were significantly upregulated in BDL rats. From the 6 identified proteins in the serum fraction, 4 showed a significant reduction and 2 were significantly up-regulated in BDL rats. Among the variation proteins, enzymes related to the lipid metabolism (glycoprotein 330, apolipoprotein A-I precursor) and cytoskeleton (keratin 8 and 19) were affected. Additionally, cytoplasmic dynein heavy chain 1 (DYHC-1) and senescence marker protein (SMP-30). It should be pointed out these changes in proteins level were shown as a significance statistic or reached the usual threshold of 2-fold up-or down-regulation in YCHT treatment groups.
Discussion
YCHT has been used in the treatment of various liver disease models (7-9). Here, we have applied proteomics to enhance our understanding of the fundamental aspects of how YCHT exerts its hepatoprotection effect on bile duct ligated rats to provide potential insights which may impact medical practice. To our knowledge, this is the first description of liver proteome alterations after BDL surgical induction and YCHT supplement. In the following section, the possible function of these proteins, and particularly those that showed changes after YCHT administration, will be discussed.
We initially analyzed the expression profiles of serum proteins in the BDL model after YCHT administration using 2-DE. MS revealed that serum levels of ApoA-I, haptoglobin, plectin-1 and glycoprotein 330 were decreased in the BDL group compared with sham group (Fig. 4C and Table II) . Several studies have shown that the ApoA-I level correlates with changes in hepatocellular function, and a low level of ApoA-I indicates severe liver cell injury, which has been confirmed in recent proteomic studies of hepatitis B virus infected liver and hepatocellular carcinoma (14, 15) . Upregulation of ApoA-I in BDL rats after YCHT administration indicated enhanced triglyceride metabolism, which may link ApoA-I deficiency to the pathophysiology of liver fibrosis with bile duct ligation.
Haptoglobin is a ·2-glycoprotein synthesized by the liver which is down-regulated during the course of BDL. In this study, the fact that YCHT increased rather than decreased haptoglobin levels may reflect the antioxidant properties of YCHT (10) . In fact, haptoglobin may function as an antioxidant and act as a potent immunosuppressor of lymphocyte function which modulates helper-T cell type 1 and 2 balance within the body (16) .
Plectin is a major intermediate filament (IF)-based cytolinker protein that stabilizes cells and tissues mechanically, regulates actin filament dynamics, and serves as a signaling molecule. It has been reported that loss of plectin is a cause of muscular dystrophy with epidermolysis bullosa (17) . As Figure 3 . Amplification of hepatic TIMP-1 and MMP-2 mRNA by RT-PCR from livers of rats: sham, in rats after BDL alone, with BDL and YCHT (250 mg/kg) administration after surgery for 27 days. Using cDNA equivalents of 10 ng RNA, samples were amplified for 32 cycles using specific TIMP-1 primers; 30 cycles using specific MMP-2 primers. All values were corrected for differences in loading, and are expressed in arbitrary units and refer to mean ± SEM.
*, # P<0.05 compared with the sham group; **, ## P<0.05 compared with the BDL group. Table I . Summary of expression data and identified proteins from the livers of animals.
- Table II . Summary of expression data and identified proteins from the serum of animals. 
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Cytoplasm Tubulin is the major constituent of microtubules. It binds two moles of GTP, one at an exchangeable site on the ß-chain and one at a non-exchangeable site on the ·-chain. Fig. 4A and C, plectin-1 expression was significantly increased in both serum and liver in BDL rats after YCHT administration. One possible explanation was that because of decreased plectin-1 expression in the liver, the rigidity of IF networks was reduced and filaments were more loosely bound, or not bound at all, to the outer membrane in BDL rats compared with the sham group. YCHT may disrupt this event by enhancing soluble plectin to act as a cross-linker of IF in the cytoplasm, but further studies are required to elucidate detailed mechanisms. Bile duct epithelia revealed a more complex keratin expression pattern than tumor cells since they expressed keratins K7 and K19 in addition K8 and K18 (18) . In addition, BDL-induced biliary atresia characterized by intense leukocyte infiltration of liver combined with retention of toxic bile acid as hepatocyte damage and mild to severe fibrosis (19) . In cholestatic liver disease, keratins not only act as skeletal proteins providing mechanical stability, but are also involved in the execution of apoptosis since hyperphosphorylated keratins activate caspases (20) . There was a striking overexpression of keratin in the bile duct epithelia in response to BDL, and in hepatocytes in the proximity of bile infarcts (21) . Our study demonstrated that YCHT decreased keratin 8 and 19 protein levels (Fig. 4B ) associated with better tolerance to toxic stress, and therefore was not deleterious to hepatocytes. YCHT is considered as a protective agent of defense responses to hepatic apoptosis after treatment in BDL rats (13) .
In this study, serum MCP-1 levels were significantly increased in BDL rats with hepatic fibrosis compared with YCHT treatment and sham groups (Fig. 2) . There was also a significant correlation between serum MCP-1 and TIMP-1 levels in BDL rats. The high serum levels of MCP-1 may contribute to the promotion of inflammation and fibrosis of BDL rats. YCHT treatment prevented MCP-1 secretion. Moreover, inhibiting its effects might present an opportunity to alter the progression of liver dysfunction in BDL rats with fibrosis. The net deposition of interstitial collagens in chronic hepatic fibrosis occurs not only as a consequence of increased fibrillar collagen synthesis, but also as a result of decreased degradation by collagenases. Although our RT-PCR analysis does not provide information on the relative activity of the MMP and TIMP proteins, it does indicate how these may be affected by measuring the expression of the corresponding mRNA. Treatment with YCHT was effective in reducing the level of TIMP-1 and MMP-2 in BDL rats (Fig. 3) , and resulted in a greater improvement in the histological analysis (Fig. 1) .
In conclusion, this study demonstrated that YCHT exerts dramatic antifibrotic action in BDL-induced hepatic fibrosis, and this effect may be caused at least in part by its inhibitory action on ECM gene expression. On the other hand, proteome analysis revealed quantitative changes in rat hepatic proteins following treatment with YCHT. This herbal remedy triggered alterations in lipid metabolism, and is associated with changes in cellular stress proteins involved in cytoskeletal filament and apoptosis response.
